Summary: The clinical significance of Thallium-201 single-photon emission computerized tomography in the evaluation of viability of gliomas was studied comparatively with histological examination of tumor tissue using Ki-67 and proliferative cell nuclear antigen (PCNA) monoclonal antibody.
The relationship between radionuclide uptake of Tl-201 in tumor specimens and labeling indices of special staining using Ki-67 and PCNA monoclonal antibodies were also studied.
The population studied consisted of 17 patients with glioma. indices obtained from early and delayed images and its washout rates were used for quantitative analysis of Tl-201 SPECT findings. indices showed high values according to the histological malignancy of gliomas. Radionuclide uptake of in the tumor specimens were also high in those with high labeling indices of Ki-67 and PCNA. The lesions with marked Tl-201 uptake on early and delayed images had numerous Ki-67 and PCNA positive-stained cells. The lesion with low Tl -201 washout rate therefore reflected well the more viable lesion in the tumor tissue. It is concluded that the viability of gliomas including anaplastic changes and response of gliomas to the treatment can be detected by serial study with SPECT.
Introduction
With recent advancement of several neuro-imaging techniques, morphological and functional information on intracranial lesions have been accumulated.
But it is still difficult to evaluate the viability of gliomas clinically and there is no simple available technique. Cox and his coworkers (1976) first described a method of tumor detection by use of Thallium-201. Since then, the SPECT study using Tl -201 has been adapted in patients with lung cancer (Ishibashi et al. 1991 ) and thyroid cancer (Charkes et al. 1990 ) as a qualitative method in the evaluation of their biological characteristics.
Recently Tl-201 SPECT has also been used in patients with brain tumors, but its clinical significance is still unclear. The mechanism of Tl-201 uptake in brain tumors is also still unknown although the blood-brain barrier (BBB) disruption, local blood flow of tumor, increased permeability of tumor vessels and/or the viability of tumor have been considered to be important.
The present author studied the clinical significance of Tl-201 SPECT in the evaluation of viability of gliomas comparatively with histopatho-logical examinaTlon.
Materials and Methods

PaTlent populaTlon
During the period from January 1991 to August 1992, T1-201 SPECT were performed on 17 paTlents with glioma. They included 12 men and 5 women, with an age range from 10 to 75 years (mean age 46 years).
All paTlents were examined with computerized tomography (CT), magneTlc resonance image (MRI) and angiographical examinaTlon besides T1-201 SPECT (Table 1) . SPECT Study (Burger, 1990) . Postmortem examination was also available in two cases. In these cases, SPECT image and histopathological findings were compared to study the relationship between radionuclide uptake of by the tumor and its cellularity. Frozen specimens dipped in liquid nitrogen were used for Ki-67 staining and paraffin-treated specimens fixed with 6% formalin were used for PCNA staining. Both antibodies were diluted 1:20. The antibodies were first applied overnight and then stained according to the alkaliphosphatase antialkaliphosphatase (APA-AP) method. The preparations were then examined under a light microscope. Five to ten randomly selected fields were photographed (power 200). The total number of cells examined ranged from 500 to 1000. The labeling indices of Ki-67 (Zuber et al. 1988) and PCNA (Tabuchi et al. 1987 ) were calculated with the following equation, and used for estimating the viability of tumor. 3) Relationship between radionuclide uptake of Tl-201 and the findings of special staining of the tumor specimens Their relationships were studied in the case of a 55 year-old woman with glioblastoma ( Fig. 3) . MRI showed well- and Ki-67 and PCNA labeling indices are shown in Fig. 4 . The specimens with high radionuclide uptake of Tl-201 showed high Ki-67 and PCNA labeling indices (Fig. 4A, B) .
4) Serial Tl-201 SPECT images
The changes of Tl-201 indices on both early and delayed images and washout rates in seven patients are shown in Fig. 5 . An increase of Tl-201 indices was found in four cases (Case 2, 10, 12, 13) and a decrease in three cases (Case 4, 8, 17) on early images. On delayed images, an increase of the indices was found in four cases (Case 4, 10, 12, 13) and a decrease in three cases (Case 2, 8, 17) . The values of Tl-201 washout rate increased in four cases (Case 2, 8, 12, 17) and decreased in three cases (Case 4, 10, 13). All patients with decrease of the washout rate showed tumor regrowth, and two patients (Case 2, 17) with remarkable increase of it, showed reduction of tumor, two patients (Case 8, 12) with a slight increase showed little change of tumor size on MRI.
Case 4: a 34 year-old man with anaplastic astrocytoma (Fig. 6b, left) showed a gradual increase in size of the enhanced lesion on MRI and also showed the same change of radionuclide uptake of Tl-201 on both early and delayed images on SPECT (Fig. 6a) and Tl-201 washout rate changed from 19.0 to 2.50. Anaplastic changes were found histologically from postmortem examination (Fig. 6b, right) . Case 2: a 32 year-old woman with low grade astrocytoma (Fig. 7b, left) , which had a few PCNA positive cell (Fig. 7b,  right) , showed a decrease in size of enhanced lesion but little change of the degree of enhancement on MRI. The SPECT image showed a marked decrease of radionuclide uptake of Tl-201 on both early an delayed images (Fig. 7a) 
TAGUCHI
Discussion
The first description of tumor-associated Tl-201 uptake was made by Cox and his co-workers (1976). They described the facility of Tl-201 as a tumor-seeking radiopharmaceutical in a patient with bronchial carcinoma undergoing a myocardial perfusion study. In Japan, Tonami and Hisada (1977) first described tumor-associated uptake in a patient with lung cancer. Since then has been widely used in the detection of lung cancer and thyroid cancer in addition to myocardial perfusion study.
Ancri and his co-workers (1978) first used Tl-201 in paTlents with cerebral lesions and described its usefulness in tumor detection, by comparison with other radiopharmaceuticals like technetium-99m or gallium-67. They also documented the utility of Tl-201 in detecTlng cerebral metastasis (Ancri and Basset, 1980) . It is generally thought that the mechanism of uptake in the cerebral lesion is related to the disruption of BBB, but the exact mechanism is still unknown.
Many descriptions also indicate that Tl-201 uptake occurs not only in rain tumors but also in other disease such as radiation necrosis and cerebral infarction in subacute stage (Araki et al. 1989) . From these findings, it is generally thought that there are some other mechanisms besides the BBB disruption underlying Tl-201 uptake in tumors. It is suggested that Tl-201 uptake in tumors depends on regional blood flow in tumor ti ssue and on tumor viability. Nakamura et al. (1991) reported that the Tl-201 uptake in tumors on early image mainly reflected blood flow in the tumor and that on delayed image mainly reflected cellular uptake by the tumor.
Kaplan and his co-workers (1987) first described the efficacy of Many authors described the efficacy of the Tl-201 index to determine the grade of glioma (Araki et al. 1989 , Black et al. 1989 . Araki et al. (1989) emphasized the high probability of early recurrence of glioma in paTlents with high Tl -201 index. The present study supports their idea because of the good correlation between the Tl-201 index and the histological grade of glioma found on both early and delayed images. But the Tl-201 index on early image compared with that on delayed one, was much affected by the degree of tumor vascularity.
Therefore, the Tl-201 index parTlcularly on delayed image can be used as a good clinical marker to detect the malignancy Ki-67 and/or PCNA positive-stained cells are known to have a proliferative potential because both monoclonal antibodies react with cells synthesizing deoxyribonucleic acid (D. N. A.) i n the cell cycle (Tabuchi et al. 1987 , Zuber et al. 1988 . Tumors with high labeling indices have a high probability of rapid growth i n a short interval, so these indices have been widely used to indicate the tumor prolif erative potential.
The present study confirmed that tumor-associated Tl-201 uptake were closely related to tumor viability from comparing radionuclide uptake of Tl-201 and labeling indices of special staining.
There were different degree of Tl-201 uptake within the tumor on both early and delayed images.
Black et al. (1989) described that the different degree of Tl -201 uptake within the tumor reflected a difference in histology. This may represent an intratumoral histological heterogeneity as previously described by others (Paulus and Peiffer, 1989) . From the present study, the degree of Tl-201 uptake within the tumor reflects the difference not only in tumor histology but also in the viability of the tumor, and the lesion with highly retained Tl-201 on delayed image reflects more viable lesion in the tumor. 
